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BURST MRI

Fast Volume Scanning with Frequency-Shifted

Jeff H. Duyn, Peter van Gelderen, Guoying Liu, Chrit T.W. Mocnen

We introduce a modified BURST imaging technique with re-
duced saturation effects and improved signal-to-noise ratio.
The method applies a frequency shift to the RF excitation
pulse on successive repetitions. It allows collection of 3D
datasets of human brain within a few seconds, on a standard
clinical scanner at 1.5 Tesla.

Key words: MRI, BURST, fast MRI, brain.

INTRODUCTION

Over the past few years, interest has grown in fast imag-
ing techniques. In particular, the recent exploitation of
contrast mechanisms based on physiology dependent mi-
croscopic susceptibility (T,*) effects (1, 2) has resulted in
an explosive growth of the field of MR neuro-imaging,
and has led to increasing demands on T,* sensitized fast
MRI. Among the most popular techniques are echo-
planar imaging (EPI) (3), FLASH (4) and echo-shifted
FLASH (ES-FLASH) (5), each with its own advantages
and disadvantages.

BURST imaging is a class of ultra fast imaging tech-
niques proposed by Hennig (6, 7). Versions with an im-
proved signal-to-noise ratio (SNR) have been proposed
by Le Roux et al. (8}, Lowe and Wysong (9), and Zha ef al.
(10). Conventional BURST excites a set of equally
spaced, narrow strips within an object, and creates an
image from a single slice, perpendicular to the direction
of the strips. In order to average, to scan multiple slices,
or for 3D imaging, repeated excitation of the same strips
is required. For ultra fast scanning, repetition times are
short compared with the longitudinal relaxation time,
Jeading to saturation effects and thus efficiency loss. In
addition, when scanning in a 2D mode, the commonly
used slice selective RF refocusing pulse also leads to
additional saturation. In the following, we propose a
method, called frequency-shifted BURST (or FS-BURST),
which overcomes these problems by shifting the location
of the excited strips on successive repetitions.

METHODS

All experiments were performed on a standard 1.5 T
GE/SIGNA clinical scanner (GE Medical Systems, Mil-
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waukee), equipped with 10 mT/m, actively shielded
whole body gradients. A standard quadrature head RF
coil was used. The maximum RF output power was 2 kW,
and the RF dwell time was 2 ps. The receiver had a
bandwidth of 125 kHz (complex points). The human sub-
ject protocol was approved by the intramural review
board of the National Institute of Mental Health at NIH.

The pulse sequence used for 3D FS-BURST is given in
Fig. 1. Excitation of magnetization was performed with a
BURST type RF pulse (initially introduced in high reso-
lution spectroscopy (11), and often referred to as
“DANTE pulse”) in combination with a slice selection
gradient. Since a DANTE pulse by itself leads to excita-
tion of spins within narrow frequency bands, its combi-
nation with a slice selection gradient will lead to selec-
tion of narrow strips in the object under study. This
principle is illustrated in Figs. 2 and 3a. The BURST
pulse consisted of a train of 48 evenly spaced RF pulses.
To improve the RF frequency profile and the resulting
strip profile, a Hamming filter was applied over 50% of
the pulse train. The individual RF pulses were 128 us
long, and were apodized with a combination of a double
sidelobed sinc and a Gaussian function to improve the
profile of the selected slab. The pulse spacing was 384 s,
total BURST pulse length 18.2 ms. The selection gradient
was applied simultaneously in anterioposterior and
superior-inferior directions, using maximum gradient
strength in both directions. This resulted in selection of a
120-mm thick slab with 45° angulation. The total nuta-
tion angle of the BURST pulse was between 70° and 90°
for the center of each strip. An echo train of 48 echoes
was generated for each of the two reversals of the selec-
tion gradient. Forty-eight data points were acquired per
echo, and the echoes were phase encoded in the left-right
direction by application of a continuous gradient (PE-1 in
Fig. 1). Also this gradient was reversed on subsequent
echo trains. Effective echo times of first and second echo
train were 19.7 and 42.5 ms, respectively. A third gradi-
ent direction (combination of posterior-anterior and su-
perior-inferior, PE-2 in Fig. 1) was used to phase encode
the subsequent repetitions. Also, on subsequent repeti-
tions, incremental offsets were added to the RF-fre-
quency to effectively shift the location of the excited
strips (Fig. 3b). Two different shifting protocols were
used: the first one used a shift of a single strip width, the
second one used a shift of seven strip widths (modulo 48}
on successive scans. The repetition time (TR) was 65 ms.
A 48 X 48 X 48 data matrix was collected using a 21 cm
% 21 cm X 22 cm field of view (FOV). The 22-cm FOV
was used in the slice select direction and was limited by
the maximum effective gradient strength of 14 mT/m.
The total measurement time was 3.1 s. For repeated
scans, a wait period of 15 s was observed to prevent
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FIG. 1. 3D FS-BURST pulse sequence. The excitation consists of
a Hamming-apodized BURST RF-puise in combination with a slice
selection (SS) gradient. Two echo trains (ECHO 1, ECHO 2) are
created by repeated gradient reversal. Both echo trains are phase
encoded in two directions by PE-1 and PE-2. A gradient crusher is
applied after collection of the second echo.
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FiG. 2. Principle of BURST excitation. Timing of the BURST RF
pulse is given (left), together with corresponding frequency domain
signals (right). The BURST pulse was composed of three parts: (a)
a shaped RF pulse, (b) a train of evenly spaced delta puises, and
(c) an apodized envelope function. In time dornain, these parts
were subsequently convolved (A ® B), and multiplied (A® B) x C),
to yield D. In frequency domain, this corresponds to (FT(A) X
FT(B)) ® FT(C), resulting in an array of evenly spaced narrow
frequency bands.

overheating of the gradients.

Data processing was performed off-line on Sun-SPARC
workstations (Sun Microsystems, Mountainview, CA)
using IDL processing software (Research Systems, Boul-
der, CO). Prior to 3D Fourier transformation, a Hamming
filter was applied over 20% of each echo (higher k-space
points), and over the higher k-space points (also 20%) in
the second phase encode dimension. This resulted in an
effective resolution of 4.5 X 4.5 X 4.7 mm.

RESULTS

Figure 4 shows a comparison of measurements between
conventional BURST and FS-BURST using two different
shifting protocols. The measurements were performed on
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FIG. 3. Strip selection in 3D FS-BURST experiment. (a) Selection
of parallel strips within a slab, in a cylindrical object. The strip-
shaped regions, excited with the BURST RF pulse, run parallel to
phase encoding gradients PE-1 and PE-2, and perpendicular to the
slice select (S8) gradient. (b) For each TR, a single strip is excited
within each imaging voxel. On successive repetitions (e.g., rep. 1
and rep. 2 in the figure), the RF transmitter frequency is shifted,
resulting in a shift of the sirip locations. The figure illustrates a
single strip shift protocol.

1.0
3 08 FS-BURST
)
206
[2]
[l
g
£ 0.4
2 "\/\/\\/\\
[y
ot
@ 0.z2r BURST
0.0l . . . L .
0 10 20 30 40 50

scan number

FIG. 4. Comparison of saturation effects in human brain using
BURST and FS-BURST. Repeated excitations were performed
without phase encoding gradients. A rapid, T,-related decay of
magnetization is observed with BURST. A stationary level is
reached after approximately 1.3 s, The experiments performed with
single- and seven-strip shifted FS BURST (see texi) show negli-
gible saturation effects.

a normal volunteer with the phase encoding gradients
switched off. The BURST experiment shows a clear de-
cay of the magnetization over time. The amount of signal
loss is somewhat smaller than one would estimate based
on T, effects. We attribute this to microscopic motion and
diffusion. The loss of magnetization seen in repeated
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Fast Volume Scanning with Frequency-Shifted BURST MRI

BURST measurements is not observed with FS-BURST,
demonstrating the effectiveness of the shifting principle.
Very little difference is seen between single and seven
strip shifted FS-BURST, a finding which was also ob-
served in the phase encoded experiments. The effective-
ness of the strip shift principle in the phase encoded
experiment is demonstrated in images of Figs. 5a and 5b,
obtained with the 3D BURST and 3D FS-BURST experi-
ments respectively. FS-BURST shows a clear improve-
ment in image quality and SNR.

Figure 6 shows a comparison between images recon-
structed from the second and first echo train, respec-
tively. Although the image reconstructed from the first
echo train has a somewhat higher SNR, it shows more
distortions related to B, variations over the object. A
phantom measurement without phase encoding gradi-
ents shows an equal T,*-weighting for all echoes in the
second echo train (Fig. 7). In order to further investigate
image quality and SNR, the FS-BURST experiment was
repeated 20 times, and the results were averaged (Fig. 8,
also Figs. 6c, 6d). Again, no significant difference was
observed between the single and seven strip shift proto-
colg. Image SNR was around 55 for gray matter, Note the
uniform background noise, indicating minimal image ar-
tifacts.

DISCUSSION

The first 3D data obtained with a BURST-type imaging
method are presented. Good quality images of human
brain were acquired, demonstrating the validity of the
strip-shift principle to reduce saturation effects. Images
obtained from the first echo train showed susceptibility
related artifacts. This is due to linearly increasing weight-
ing of local B, variations over the first phase encoding
direction. As anticipated, these artifacts were not seen in
the images obtained from the second echo train, since
equal gradient amplitudes were used during excitation
and readout periods.

The reduction of saturation effects with FS-BURST al-
lowed for shortening of TR much beyond T,, thereby
increasing efficiency as compared to conventional
BURST. The actual gain depends on experimental cir-
cumstances such as TR/T,, strip profile, diffusion effects,
etc,

FIG. 5. Comparison of image quality of 3D BURST (a) and 3D
FS-BURST (b). Comparison of a single corresponding slice from
each dataset demonstrate the increased signal to noise ratio and
reduced artifacts of FS-BURST.

FIG. 6. Image quality of 3D FS-BURST. Single corresponding
slices were reconstructed from second (a,c.d) and first (b) echo
train. Images (a) and (b) were reconstructed from a single 3D
acquisition, whereas in (c) and (d) 20 measurements were aver-
aged. Image (d) shows the noise level of image (c), in order to
demonstrate the absence of distinct artifacts.
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FiG. 7. Signal intensity distribution over the second echo train.
The FS-BURST experiment was performed without phase encod-
ing gradients, and without apodization of the BURST RF pulse
train. A 3-liter bottle filled with water (7, = 2.5 s) was used. Al-
though no shimming was performed, a constant signal amplitude
over the echo train is observed, indicating identical T,*-weighting
for all echoes.

A clear advantage of FS-BURST over other fast imaging
techniques is that it is less demanding with regard to
gradient slew rates, even at very high imaging speeds.
The small number of gradient switchings in BURST im-
aging lessens demand on gradient slew rates, and reduces
eddy current effects. The major physical limitation on
further increasing speed is the maximum strength of the
read gradient, and the bandwidth of digitizer/receiver
combination.

The fact that all echoes of the second echo train have
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FIG. 8. Consecutive slices through the human brain, obtained with 3D FS-BURST, 20 averages. The images were reconstructed from the
second echo train. Note the excellent contrast between gray and white matter.

identical T,*-weighting makes FS-BURST an attractive
candidate for susceptibility-based neuro-imaging experi-
ments. Although initial results show good quality sus-
ceptibility-weighted images, some further research is re-
quired to evaluate stability and reliability of the method.
Future developments will partly be geared toward bolus
tracking neurc-imaging experiments.
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